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Martin Czerny, MD,* and Martin Funovics, MD†Endovascular aortic repair (EVAR) has gained increasedpopularity for the repair of various acute and chronic
bdominal aortic pathologic abnormalities.1-4 Results have
been encouraging and several analyses have shown the long-
term efficacy of the approach. As a consequence, increasing
efforts were put forth on advancing the technology to more
proximal thoracic aortic segments with their inherent chal-
lenges, especially with regard to the handling of renal and
visceral arteries.5,6 Recently, several reports have been pub-
lished reconfirming feasibility and effectiveness of these ap-
proaches. However, it has to be determined whether the ini-
tially encouraging results will remain stable over the years.7
The aim of this article is to illustrate currently available
technology for EVAR as well as for endovascular handling of
the renal and visceral arteries.
Conventional Infrarenal EVAR
Anatomical Considerations
The following criteria must be observed when planning
the endovascular treatment of an infrarenal aneurysm: (1)
infrarenal neck diameter between 19 and 33 mm to fit the
available stent-graft body diameters of between 21 and 36
mm; (2) infrarenal neck length above 8 to 10 mm, no
significant calcification, and no angulation between the
central axis of the neck and the aneurysm above 60 de-
grees; (3) sufficient size of the iliac vessels and no exces-
sive kinking (especially if the patient had previous abdom-
inal surgery) so that the insertion of the device from the
femoral artery is not precluded. Depending on the manu-
facturer, device sizes of the main body down to 14 French
are available, but most devices have an outer diameter of
18 French. Figure 1 depicts an overview of the area of
interest during EVAR.
Vascular Access
It remains an individual decision of the EVAR team,
whether vascular access is gained via an open surgical
approach or in a percutaneous fashion. If a percutaneous
approach is chosen, the team should be aware that no
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artery are present to avoid later challenges when closing
the access site. Our preferred approach remains a surgical
cut down via a 3-cm incision for the main body of the
device as well as a contralateral percutaneous approach for
the leg extension.
Implantation Technique
After arterial puncture, a stiff guidewire is inserted on the
side of main body implantation (ipsilateral side) into the
thoracic aorta. From the contralateral side, a pigtail cath-
eter is advanced. Before or after insertion (but not deploy-
ment) of the main body, a digital subtraction angiography
(DSA) is performed to identify the location of the renal
arteries and the internal iliac arteries. Then, the main body
is advanced and deployed (Fig. 1B-D). It depends on the
individual device whether a tip capture is present or if the
proximal portion of the device opens directly (Fig. 1E).
Depending on the manufacturer, a balloon dilatation of
the proximal portion of the prosthesis is recommended.
The opening for the contralateral leg is engaged from the
ipsilateral side with a sidewinder catheter and a wire pull-
through using a snare to the contralateral side, or the
opening for the contralateral leg is carefully engaged from
the contralateral side, where great care must be taken to
ensure that the catheter actually goes through the opening
and not behind it. To verify this, after engagement, a pig-
tail catheter is continuously rotated during advancement
through the stent-graft body into the descending aorta
(Fig. 1F). The pigtail catheter is then replaced with an-
other stiff guidewire and the contralateral leg is deployed.
All overlapping stent-graft segments are balloon dilated,
and leg extensions are deployed where warranted (Fig.
1G). Completion angiography is performed.
Pitfalls
It is of utmost importance to respect anatomy at any level.
The issue of the neck length and the angulation of the
proximal neck cannot be overemphasized as, if judgment
was incorrect, limited options remain to correct the mis-
take. Furthermore, the diameter of the aortic bifurcation
must be respected and any bi-iliac implantation in an an-
atomic situs where the diameter of the bifurcation is below
14 mm should be discouraged as the risk for limb throm-
bosis is very high.
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66 M. Czerny and M. FunovicsFigure 1 (A)Overviewof the area of interest during EVAR in an infrarenal abdominal aortic aneurysm. (B) Situs after the introduc-
tion of the main body of the stent-graft via an ultrastiff guidewire via an incision in the right common femoral artery. (C) Partial
deploymentof the stent-graftperpendicular to the infrarenalneck. (D)Subtotaldeploymentof themainbodyof the stent-graftwith
a proximal tip capture to enable potential repositioning if needed. art. artery; r. right; sup. superior.
Endovascular aortic repair 67Figure 1 (Continued) (D1)Full deploymentof themainbodywitha tight seal in the right common iliac artery andproximalfixation
via a bare spring design. (E) Detailed view of the nose cone and the proximal tip still captured; the insert shows the proximal tip
already released. (F) Insertionof the left leg extensionvia an incision in the left common femoral artery (theguidewire is insertedvia
a crossover maneuver from the right side and caught via a snare to safely cannulate the main body). (G) Completed procedure
showing full deployment of themain body and the left-sided leg extension. a. artery.
68 M. Czerny and M. FunovicsFigure 2 (A) Overview of a prosthesis with fenestrations for both renal arteries in combination with a scallop for the
superior mesenteric artery after deployment of the main body. (B) Two additional guidewires are steered through the
fenestrations in both renal arteries for later stent or stent-graft deployment. (C) Two small stent-grafts are advanced into
the renal arteries with a proximal end remaining inside the main body. (D) Insert with a focus on the 3 branches
involved during this part of the procedure. SMA  superior mesenteric artery.
Endovascular aortic repair 69Figure 2 (Continued) (E) Final result after deployment of the stent-graft in both renal arteries; inset shows the gradual
deployment maneuver. (F) A conventional infrarenal stent-graft is added, if needed, below the fenestrated segment.
70 M. Czerny and M. FunovicsFigure 3 (A) Partial deployment of the main body of a branched prosthesis to both visceral and both renal arteries. (B)
Access for the extensions to the visceral branches is gained via an incision of the left brachial artery. Cannulation by this
approach is easier due to the angle of the visceral branches in relation to the native aorta. (C) Completed procedure with
branch extensions to both visceral and renal arteries as well as distal extension below the branched segment with a
conventional infrarenal stent-graft. a.  artery; l.  left.
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Anatomic Considerations
Fenestrated stent-grafts are used where the length of the
neck does not provide a sufficient proximal sealing zone
for a conventional stent-graft (ie, where the renal arteries
originate immediately at the upper end of the aneurysm).
After completion of the procedure, the fenestration should
make contact with the aortic wall exactly at the ostium of
the respective visceral artery; thus, the size of the aorta
at the level of the respective ostium should be smaller than
the unconstrained stent-graft diameter. Where the visceral
arteries originate directly from the aneurysm sac, a
branched stent-graft (or a combination of a fenestrated
and branched design) is a better choice.
Usually, the fenestrations are secured with smaller
stent-grafts; therefore, the visceral arteries should have a
minimum diameter of 5 mm and a length without signifi-
cant side branches of 10-15 mm to provide a sufficient
landing zone. The proximal end of the main body can have
a “scallop” (ie, an indentation for the ostium of the most
proximal visceral artery—the celiac or the superior mes-
enteric artery, as shown in Fig. 2A). Fenestrated stent-graft
designs can incorporate either 2, 3, or 4 fenestrations and
are custom-made. During the planning phase, the size of
the fenestrations (6 or 8 mm), their radial position (as
hour on a clock dial with 12:00 AM in the anterior posi-
tion), and their distance from the upper end of the stent-
graft must be specified. In addition, the presence and size
of a proximal scallop, the diameter of the main body, and
the presence of 1 or 2 stent segments at the proximal end
must be decided.
Surgical Preparation
Brachial access is usually not necessary. Both common fem-
oral arteries must be engaged, usually by surgical exposition
of at least the ipsilateral side. Because the insertion of two to
four 7-F sheaths at the same time from the contralateral fem-
oral artery through the fenestrations in the stent-graft main
body into the respective visceral arteries is necessary, the
contralateral side is usually also surgically exposed and the
7-F sheaths are either directly inserted into the artery or via
one large 22-F sheath.Implantation Technique
From the ipsilateral side, the tubular main body with the
fenestrations is inserted to the deployment level. From the
contralateral side, a DSA is performed to identify the renal
arteries, the superior mesenteric artery, and the celiac trunk.
Then, the main body stent-graft is released, but not to its full
size. Rather, so-called “diameter-reducing ties” are holding
the stent-graft at approximately 80% of its full size; thus, the
stent-graft is still repositionable but already opened.
From the contralateral side, a catheter with a guidewire is
inserted from the femoral artery into the distal end of the
stent-graft main body, and through one fenestration into
the ostium of the respective visceral artery. Over the wire, the
catheter is then removed and a flexible 7-F sheath is inserted
all the way into the visceral artery. This process is repeated for
2 or 3 of the fenestrations while the previously inserted
sheaths stay in place, so the end result is that there are 3 or 4
sheaths securing the access through the fenestrations into the
visceral arteries and guiding the stent-graft main body to the
right position. The main body is then fully deployed by re-
leasing the “diameter-reducing ties” when the wire holding
them together is pulled out. The stent-graft now reaches full
diameter and makes contact with the aortic wall.
Through the 7-F sheaths that are in place, small stent-
grafts (usually balloon-expandable) are inserted through the
fenestrations into the visceral arteries, while their proximal
ends remain approximately 6 to 8 mm inside the main body
(Fig. 2B-D). The small stent-grafts are then deployed one by
one to their nominal diameter, and their proximal ends are
flared (overdilated to prevent them from slipping out of the
main body) with a 12-mm balloon. If the aneurysm ends well
above the aortic bifurcation and the lower end of the fenes-
trated stent-graft main body has good contact with the distal
aortic wall, the procedure is completed. If the aneurysm ex-
tends to or below the aortic bifurcation, a conventional infra-
renal stent-graft is deployed below the fenestrated segment
(Fig. 2E-F).
Pitfalls
It is of utmost importance to be clear that the orientation of
the fenestrations should not unintentionally occlude or par-
tially obstruct an ostium. Therefore, exact planning is by far
more decisive than for more simple pathologic abnormalities
originating at the level of the renal arteries.
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Anatomic Considerations
Branched stent-grafts are used where the visceral arteries
originate directly from the aneurysm sac, and where the
stent-graft main body does not make contact with the aortic
wall at the level of the ostium of the respective visceral artery.
Usually all 4 major visceral arteries are engaged with a
branch, and the stent-graft extends well into the thoracic
aorta. Proximal neck problems are less of an issue in these
designs; rather, the connection between the side branches in
the main body and the small stent-grafts is most sensitive to
leakage.
Paradoxically, the procedure gets relatively easier and safer
with larger aneurysms, where sufficient room to maneuver
the catheters coming out of the branches and going into the
visceral arteries is present (Fig. 3A). Because branched main
bodies tend to have larger, 22- to 24-F insertion devices,
extra care should be given to the patency, size, and kinking of
the iliac arteries.
Surgical Preparation
In most designs, the branches point downward; therefore,
the branches must be engaged from a brachial access, prefer-
ably from the left brachial artery. Alternatively, a right bra-
chial access is possible. Due to the length of the access path,
sufficient pushability is only provided if the brachial sheath is
secured in some way to one femoral artery, either with a
pull-through wire (which would require a 12-F sheath to
allow a 0.014-inch wire and an 8-F sheath to be inserted at
the same time) or by holding the brachial sheath from the
outside with a snare from the femoral access (which would
only require an 8-F sheath from brachial) (Fig. 3B). Only one
femoral artery needs to be surgically exposed; occasionally a
percutaneous access from the contralateral femoral artery is
needed to insert a catheter in one visceral artery to ensure
proper deployment of the main body even with suboptimal
visualization of the visceral arteries in DSA.
Implantation Technique
The main body is inserted to deployment level. Extreme care
must be taken to identify the radio markers defining the
origin of the respective side branches correctly and to identify
their position in respect to the ostium of their visceral artery
(Fig. 3C).
If correct height and orientation of the stent-graft main
body are verified, the main body is deployed to full size.
Crawford type I-III aneurysms may require the insertion of
conventional, tubular stent-grafts into the descending aorta
before the branched stent-graft is deployed. With a long an-
eurysmatic segment of the descending aorta, the branched
stent-graft may only be held in place by the previously in-
serted stent-grafts because it does not make contact with any
part of the aortic wall after deployment. This is a rather un-stable position, and extreme care must be taken to avoid
downward dislocation of the main body during the cannula-
tion procedures, which can result in disconnection of the
upper aortic stent-grafts or the already engaged side branches
or in a position too low to continue engagement of any vis-
ceral artery.
After deployment of the main body, from the brachial ac-
cess, an 8-F sheath with 90-cm length is inserted into the
main body, and one by one, the branches are engaged
through the 8-F sheath with different catheters and wires as
appropriate. On exiting through the branch, the ostium of
the visceral artery is engaged, and a stiff wire is inserted.
Then, the 8-F sheath is advanced, and a small stent-graft
(self-expandable or balloon-expandable) is inserted. De-
pending on the actual distance between the branch and the
visceral artery, several small stent-grafts are needed. It is rec-
ommended to insert a self-expandable bare metal stent into
the small stent-grafts to increase radial force and kink resis-
tance. After deployment of the small stent-grafts and balloon
dilatation, a completion angiography is performed through
the sheath, which is still slightly in the respective branch. On
confirmation of a tight sealing, the sheath is retracted into the
main body and the next branch is engaged.
Pitfalls
The distal end of the side branchmust be approximately 2 cm
higher than the ostium of the respective visceral artery. Im-
portantly, the ostium can be very difficult to visualize if the
artery originates out of a large aneurysm with slow and tur-
bulent blood flow. It is better to err on the high side than to
deploy the stent-graft main body too low, because if the side
branch ends below the ostium, successful engagement can
become impossible, with severe consequences.
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